The development of C-C bond formation via C-H bonds activation has become an area of intense interest in synthetic organic chemistry. Because such reactions offer efficient methods for the construction of structurally complex and biologically active compounds.
groups. In this oxidative enamine catalysis, organic oxidants were converting the enamines to iminium ions in the presence of the amine catalyst, which facilitated the further nucleophilic addition to afford the β-functionalized products. The 1,5-hydride transfer and subsequent cyclization process is a well-known sp 3 C-H bond functionalization strategy and has attracted considerable interest for its application in the synthesis of heterocyclic compounds. 7 The tert-amino effect and related 1,5-hydride transfer and subsequent cyclization has attracted much attention due to its unique features to afford tetrahydroquinolines. 8, 9 Tetrahydroquinoline derivatives have attracted considerable attention in organic synthesis and medicinal chemistry due to their importance as building blocks and diverse array of biological activities.
10
Therefore, the development of new and efficient synthetic routes for the preparation of tetrahydroquinoline analogues is of importance to both organic synthetic and medicinal chemistry.
11 Recently, several groups reported the synthesis of tetrahydroquinolines via intramolecular tandem hydride transfer/cyclization of o-dialkylamino-substituted alkylidene malonates, α,β-unsaturated aldehydes, and acyl oxazolidinones using a metal complexes such as magnesium, cobalt, and gold complexes as well as organocatalysts such as phosphoric acids and pyrrolidine.
12
As part of the research program related to the development of synthetic methods for the formation of C-C bonds, 13 we recently reported the asymmetric internal redox reaction of cinnamaldehyde derivatives using secondary amines.
14 We became interested in an oxidation protocol where the saturated aldehyde is converted in situ into the corresponding α,β-unsaturated aldehyde which can then be manipulated with 1,5-hydride transfer/cyclization. To the best of our knowledge, there are no examples for organocatalytic synthesis of tetrahydroquinolines from saturated aldehyde derivatives via oxidative enamine catalysis and internal redox reaction. Herein, we describe the first intramolecular version of oxidative enamine catalysis and 1,5-hydride transfer/cyclization sequences towards the asymmetric synthesis of tetrahydroquinolines (Scheme 1).
To determine suitable reaction conditions for the organocatalytic oxidative enamine catalysis and intramolecular redox reactions of saturated aldehydes, we initially investigated the reaction system with 3-(2-(azonan-1-yl)phenyl)propanal (1a) in the presence of 2,3-dichloro-5,6-dicyanoquinone (DDQ) as oxidant and nonchiral secondary amines I-III as organocatalysts in dichloromethane at reflux. Diarylprolinol silyl ether III effectively promoted this reaction in high yield with diasteroselectivity (71% yield, 80:20 dr, Table 1 , entry 3). We then examined the reactivity with catalyst III in the presence of different acids, such as trifluoromethanesulfonic acid (TfOH), trifluoroacetic acid (TFA), and 2,4-dinitrobenzensulfonic acid (DNBS) as additives (Table 1, entries 3-5) . Among the additives probed, the best result (84% yield and 86:14 dr) was achieved when the reaction was conducted in DNBS (Table 1, entry 5) . A survey of the reaction media indicated that several common solvents, such as dichloromethane, chloroform, THF, and toluene were well tolerated in this intramolecular redox (Table 1, entries 5-8) .
Notes
Among the solvents probed, the best result was achieved when the reaction was conducted in dichloromethane (Table  1, entry 5) .
With optimal reaction conditions in hand, the scope of the reaction was explored as seen in Table 2 . Organocatalyst Icatalyzed enantioselective oxidative enamine catalysis and intramolecular redox reactions of 3-arylpropanals 1 proved to be a general approach for the synthesis of versatile chiraltetrahydroquinolines 2. Products 2a-2j which incorporated five to nine-membered azacycles were formed with moderate to high yields and high diastereoselectivities (62-84% yields, 80:20-90:10 dr, Table 2 ). A range of electron-withdrawing and electron-donating substitutions on the aryl ring of 3-arylpropanal derivatives 1 provided corresponding products 2f-2j in moderate yields and high diastereoselectivities (62-75% yields, 80:20-83:17 dr, Table 2 ). However, products 2k-2l which incorporated bicyclic azacycles were formed with low diastereoselectivities (1.2:1 dr, Table 2 ). The relative configuration major diastereomer of 2 was established by comparison of the 1 H-NMR spectral data with previously reported data.
14 In summary, we have presented the first example of a organocatalytic oxidative enamine catalysis and hydride transfer/ring closure reaction cascade. The synthetically useful ring-fused tetrahydroquinoline derivatives were obtained in moderate yields and high levels of diastereoselectivities. Further investigations for the asymmetric version of this organocatalytic oxidative enamine catalysis and internal redox reaction are under way.
Experimental
General Procedure for the Synthesis of Tetrahydroquinoline Derivatives 2: To a stirred solution of 3-(o-(dialkylamino)aryl)propanals 1 (0.3 mmol) in CH 2 Cl 2 (1.0 mL) was added DDQ (68.1 mg, 0.3 mmol), racemic diarylprolinol silylether catalyst III (35.9 mg, 0.06 mmol), and DNBS (14.9 mg, 0.06 mmol). The mixture was refluxed for 0.5-7 d, diluted with saturated NaHCO 3 solution (10 mL) and extracted with ethyl acetate (2 × 15 mL). The combined organic layers were dried over MgSO 4 , filtered, concentrated, and purified by flash chromatography (EtOAc/hexane = 1:10) to afford tetrahydroquinoline derivatives 2.
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